ABSTRACT. Monoclonal antibodies (MAbs) to major antigens of Coxiella burnetii were produced. Some of the MAbs to a 62-kDa protein antigen, peptidoglycan protein complex and lipopolysaccharide (LPS) O-chains reacted with other bacteria whereas none of the MAbs to outer membrane proteins and LPS outer-core did. The LPS outer-core and OMPs may be useful antigens for specifically detecting antibodies to C. burnetii. KEY WORDS: antigenic property, Coxiella burnetii, monoclonal antibody.
Coxiella burnetii, the agent of Q fever in man and the agent of coxiellosis in other species, is most closely related to the genus Legionella and resides within the gamma subdivision of the Proteobacteria [10] . Its cell envelope is composed of an outer membrane (OM), a peptidoglycan layer and an inner membrane. The OM contains lipopolysaccharide (LPS) and OM proteins (OMPs). Mutational variation in the LPS is linked to shifts in antigenicity and virulence, termed phase variation. The virulent phase I organism has a complete length LPS whereas the avirulent phase II organism possesses a truncated LPS. This LPS variation makes OMPs accessible for antibodies [6] . LPS and OMPs play a role in the development of immunity to infection by C. burnetii, although their antigenic properties are poorly understood.
For analyzing antigenic properties, monoclonal antibodies (MAbs) are useful tools because they recognize a single epitope with high specificity. Recently, we produced several MAbs to C. burnetii LPS and analyzed the antigenic change during phase variation [7] and the antigenic difference among strains [8] . In this study, we produced MAbs to OMPs [11] , 62-kDa protein antigen and peptidoglycan protein complex (PG-PC) [1] . With the MAbs, we obtained invaluable data to elucidate the antigenic properties of C. burnetii.
C. burnetii Nine Mile strain phases I and II cells and 18 other strains (California 76, Bangui, El Tayeb, G Q212, Henzerling, Ko Q229, MAN, ME, Ohio 314, Priscilla, S Q217, 307, 1M, 3M, 50M, 57T, 58T and 60M) of phase I cells were obtained elsewhere [15] . The MAbs were generated as described previously [7] by using BALB/c mice that had been immunized with formalin-inactivated Nine Mile strain phase II cells. Screening assay for hybridomas was performed by indirect immunofluorescence assay (IFA). The antigens used were intact purified phase II organisms and buffalo-green-monkey (BGM) cells which were infected with phase II organisms. The MAbs were characterized by their reactions to whole cell lysate, purified LPSs, purified OM and proteinase K-digested antigen of phase II cells by Western blotting after sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). OM was partially purified from the sodium lauroyl sarcosine (Nacalai Tesque, Inc., Kyoto, Japan)-insoluble fraction of Nine Mile strain phase II cells as described by Caldwell et al. [4] . Proteinase K-digested antigen was prepared from the whole cell lysate by incubation with proteinase K (Takara Shuzo, Co., Ltd., Shiga, Japan) for 8 hr at 56°C as described previously [14] .
The MAbs produced in this study were used for further antigenic analyses together with the MAbs to LPS, which were produced previously [7] . The MAbs of groups I (H5A, H5B, H45 and H83) and II (H21) recognize LPS O-chains and the MAbs of group III (H70, H73, H78 and H80) recognize the LPS outer-core [7] . The specificities of the MAbs were analyzed from the reactions with other bacteria in Western blots after SDS-PAGE. Nine other bacteria, Escherichia coli, Salmonella Typhimurium, Klebsiella pneumoniae, Yersinia enterocolitica, Legionella pneumophila, Brucella abortus, Bacillus anthracis, Bartonella henselae and Chlamydia psittaci, were propagated in the authors' laboratory at Gifu University. The reactivities of the MAbs to C. burnetii natural phases I and II cells and KIO 4 -and trichloroacetic acid (TCA)-treated phase I cells were analyzed by IFA. KIO 4 -treated phase I cells were prepared by incubation in 10 mM KIO 4 in phosphate buffered saline (PBS) at 37°C for 2 hr [13] . TCA-treated phase I cells were prepared by incubation in 10% (wt/vol) TCA in PBS at 4°C for 4 hr [5] .
Nine MAbs (H106, K7, K24, K43, K57, K59, K64, K75 and K82) were produced. The MAbs K7, K24, K57 and K64 did not react with intact phase II cells in IFA although other MAbs reacted with both intact phase II and phase IIinfected BGM cells. All MAbs reacted with Nine Mile strain phases I and II cells and 18 other strains similarly but did not react with the purified LPS in Western blots (data not shown). These MAbs were divided into 5 groups (IV to VIII) based on their patterns of reaction to whole cell lysate, OM and proteinase K-digested antigens. Figure 1 shows the reactions of the representative MAbs of groups IV to VIII (K75, H106, K43, K64 and K7, respectively). The MAbs of groups IV to VI reacted with both whole cell lysate and OM similarly, whereas they did not react with proteinase Kdigested antigen. The MAb of group IV (K75) reacted with 67 to 75-kDa smeared bands. The MAbs of group V reacted with 29-to 31-kDa smeared bands. The MAbs of group VI (K43) reacted with 29-to 31-kDa smeared bands and a 20-kDa band as well. The MAb of group VII (K64) reacted with 29-to 31-kDa and 24-kDa bands of whole cell lysate and OM, and an 18-kDa band of proteinase K-digested antigen. The MAbs of group VIII (K7, K24 and K57) reacted with a 62-kDa band of whole cell lysate but did not react with OM and proteinase K-digested antigen (Fig. 1) .
The reactions of the MAbs produced in this and previous studies [7] Our results suggest that the nine MAbs (H106, K7, K24, K43, K57, K59, K64, K75 and K82) produced in this study recognize the antigens conserved among all C. burnetii strains tested and both phase I and II cells. Based on their reactions to whole cell lysate, OM and proteinase Kdigested antigen, the MAbs were divided into 5 groups (IV to VIII). Our results suggest that the MAbs of groups IV (K75), V (H106, K59 and K82) and VI (K43) recognize OMPs. Since the 29-to 31-kDa OMP aggregate contains 18.3-kDa PG-PC that is resistant to proteinase K as well [1, 3] , the MAb of group VII (K64) may recognize PG-PC. The MAbs of group VIII (K7, K24 and K57) appear to recognize a 62-kDa protein antigen. This 62-kDa protein antigen is likely to be C. burnetii heat shock protein 60 (HSP60) [16] since the MAbs strongly reacted with a recombinant C. burnetii HSP60 in our preliminary study (data not shown). The 29.5-and 31-kDa of OMPs are considered to be porin proteins that allow passive diffusion of nutrients across the OM [3] . The PG-PC is considered to be an important antigen for resistance to environmental conditions and intracellular digestion [2] . C. burnetii 62-kDa antigen is reported as the primary immunodominant antigen [12] . Therefore, the MAbs obtained should be useful tools for analyzing the infection mechanisms and the developmental cycle of C. burnetii.
The MAbs produced in this study were characterized together with the MAbs produced in our previous study [7] . The reactions of the MAbs suggest that C. burnetii LPS Ochains, PG-PC and 62-kDa antigen contain the conserved epitopes that are possibly related to the serological crossreactions between C. burnetii and other bacteria. On the other hand, the LPS outer-core and OMPs may be C. burnetii-specific antigens among the bacteria tested in this study. Our results also showed the antigenic difference among KIO 4 -and TCA-treated phase I and natural phase II antigens. Although both of these chemically treated phase I cells have been used as artificial phase II antigens in serological tests of Q fever [9] , TCA-treated phase I cells might be more cross-reactive with the antibodies to other bacteria. These differences among the C. burnetii antigens may cause confusion when interpreting the serological results for clinical samples. Diagnoses of C. burnetii infections are based upon serological methods, but the antigenic properties of C. burnetii are poorly understood and the antigen used in serological tests is not standardized in each laboratory. In this study, we analyzed the antigenic properties of C. burnetii LPS, OMPs, PG-PC and 62-kDa antigen by using the MAbs. Since these antigens induce humoral and/or cell-mediated immunity in experimental animals [2, 12, 17] , our results should help to elucidate the immunoreactions in the serological tests. It is yet unclear whether the results of this study can be applied to reactions with clinical samples, but conceivably LPS O-chains, PG-PC and 62-kDa antigen contain the epitopes that cross-react with antibodies to other bacteria. Although additional studies are needed, we suggest that the LPS outer-core and OMPs can be useful antigens for specifically detecting antibodies to C. burnetii.
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